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Differential association of CD68" and CD163" macrophages
with macrophage enzymes, whole tumour gene expression
and overall survival in advanced melanoma
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BACKGROUND: The density and phenotype of tumour-associated macrophages have been linked with prognosis in a range of
solid tumours. While there is strong preclinical evidence that tumour-associated macrophages promote aspects of tumour
progression, it can be challenging to infer clinical activity from surface markers and ex vivo behaviour. We investigated the
association of macrophage infiltration with prognosis and functional changes in the tumour microenvironment in primary human
melanoma.

METHODS: Fifty-seven formalin-fixed, paraffin-embedded primary melanomas were analysed by immunohistochemical analysis of
CD68, CD163, inducible nitric oxide synthase (iNOS) and arginase expression. RNA sequencing was performed on serial sections of
20 of the stained tumours to determine the influence of macrophage infiltration on gene expression.

RESULTS: CD68™ cells are a functionally active subset of macrophages that are associated with increased iNOS and arginase
staining and altered gene expression. In comparison, while there is a greater accumulation of CD163" macrophages in larger
tumours, these cells are comparatively inactive, with no association with the level of iINOS or arginase staining, and no effect on
gene expression within the tumour. The infiltration of either subset of macrophages did not correlate to overall survival.
CONCLUSIONS: Thus, melanomas contain distinct macrophage populations with diverse phenotypes, but with no observable

prognostic role.
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BACKGROUND

Macrophage infiltration, as determined by the evaluation of FFPE
(formalin-fixed paraffin-embedded) tissues, has been shown to be
a prognostic indicator in a range of solid malignancies." The
markers used to identify macrophages vary, and there is no
consensus on markers that reflect true physiological subsets.

In the majority of cancers, the macrophage marker CD163
correlates with more advanced tumours and to a worse prognostic
outcome, except in the cases of gastric cancer and colorectal
cancers.'™ Other markers, such as CD68, have been used to stain
macrophages, but have been linked to both favourable and
unfavourable outcomes.*”

Previous studies have attempted to delineate the prognostic
influence of macrophage infiltration in melanoma. While some
studies have observed no prognostic role, in others both the
number of CD68™ cells and soluble CD163 have correlated to poor
overall survival (OS); however, only CD68" cell counts at the
invasive front of the tumour have been found to be independent
predictors of reduced survival.®®

Macrophages have been implicated in all aspects of tumour
progression, including proliferation, survival, immunosuppression,
angiogenesis and metastasis.'® Furthermore, macrophages have
been implicated in resistance to various therapies, such as
chemotherapy and radiotherapy.''™"*

However, much evidence of the effects of intratumoural
infiltration have been inferred from in vitro analysis, which is
commonly based on the hypothesis that the expression of surface
markers is reflective of functional phenotype; however, it is known
that the diversity of functional phenotypes and macrophage
plasticity are controlled by a much more intricate underlying system
of epigenetics that cannot be represented by the known subset of
surface markers.'” The precise nature of macrophages continues to
be unravelled, and during the process of unravelling, further
findings continue to add additional layers of complexity to an
already poorly understood science. Recently, a horizontal transfor-
mation from macrophage-like cells to fibroblast-like cells has been
observed, and the source and stability of discrete populations
are still not known.'® As such, macrophage markers may not be
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considered stable markers of distinct cells. However, whether they
represent stable populations or a continuous flow of cells through a
transition state, we can use these markers to identify distinct subsets
of macrophage-like cells at any point in time.

Another source of concern is the discrepancy of results in
murine and human interventional studies. It is known that
monocyte and macrophage markers vary between mice and
humans, such as F4/80, which is a monocyte and macrophage
marker in mice, but its homologue, EMR1, is an eosinophil-specific
receptor in humans.'” However, cross-species differences have also
been seen in the outcomes of interventions targeting conserved
targets. Anti-CSF1R antibodies that inhibit macrophage migration
to the tumour have been effective in the treatment of murine
malignancies; however, clinical trials have observed no therapeutic
benefit in humans, indicating a differential physiological role or
reliance on macrophage behaviour between mice and human
disease."'®'® The influence of macrophages on tumour biology in
human malignancies is not fully known as macrophages are also
known to adopt unreactive senescent and quiescent states.?

Another central concern is the sensitivity of macrophages to
environmental stimuli, which adds a question to the compatibility
of ex vivo studies. Macrophages are known to be activated by
environmental stimuli, including adherence to the extracellular
matrix and a wide range of innocuous stimuli such as adherence
to plastic; thus, ex vivo studies contain inherent limitations.?"??
An alternative approach is to investigate the presence and
associations of macrophages in formalin-fixed paraffin-embedded
(FFPE) tissues. While this approach reduces the level of artificially
introduced environmental impacts, it comes with its own
experimental limitations. From a clinical standpoint, this approach
has significant advantages in being able to draw on the existing
biobanks with associated patient data.

Here, we evaluate the presence of CD68" and CD163"
macrophages in FFPE human primary melanoma lesions and
determine their correlation with the functional canonical M1:M2
enzymes inducible nitric oxide synthase (iNOS) and arginase. To
further investigate if these cells have a biological role, we
investigate their link with OS and determine if they correlate to
differential gene expression within the tumour.

METHODS

Patient cohort

Fifty-seven primary tumour blocks were randomly selected from
BRAF-tested tumours; for each tumour, a single block with a large
area of both tumour and peritumoural tissue was selected. Patients
were untreated prior to tumour excision. Pathological data and
follow-up data were obtained from patient charts. Tumour and
cohort descriptions are provided (Supplementary Tables 1, 2).

Immunohistochemistry
Serial 3 UM sections were cut and mounted on Superfrost Plus
slides (Thermo Scientific). Unstained slides were kept at 4°C and
stained for a 1 month. Slides were heated at 37 °C overnight or
60 °C for 60 min to begin antigen retrieval.

iNOS staining was performed on the bench in a humidified
chamber where appropriate. Slides were briefly boiled in citrate
buffer pH 6 for 20 min and placed in 3% hydrogen peroxide for
10 min. Slides were washed, which entailed gentle serial immer-
sions in three phosphate-buffered saline (PBS) baths for 5 min
each. Slides were blocked with 5 mg/ml bovine serum albumin in
PBS for 1h. iNOS antibody (SP126, Invitrogen) was diluted 1 in
100 in a blocking buffer, and the slides were covered in antibody
solution for 60 min. Slides were washed and immersed in
secondary antibody (goat anti-rabbit IgG heavy and light chain
(H&L) alkaline phosphatase, Abcam ab97048, 1 in 1000 in blocking
buffer) for 30 min. Slides were washed and covered in Fast-Red for
30 min. Slides were rinsed in water, counterstained in Mayer's

haematoxylin and blued in Scott’s tap water. Coverslips were
mounted on an aqueous mounting medium.

CD68 (PA0273, Leica Biosystems), CD163 (MRQ-26, Merck) and
arginase (Sigma) staining was performed on an automated
Benchmark Ultra (Roche) using the ultraView Universal Alkaline
Phosphatase Red Detection Kit (Roche). In brief, slides were
deparaffinised, and antigen retrieval was performed in Cell
Conditioning 1 (Ventana Medical Systems, Inc) for 20 min
(arginase), 64 min (CD163) or 20 min (CD68) before the addition
of one drop of primary antibody for 60 min (arginase) or 32 min
(CD163 and CD68). Slides were counterstained in haematoxylin I,
blued in bluing reagent and coverslips were mounted in the
aqueous mounting medium.

Stained slides were imaged and quantitatively measured in
three peritumoural and three intratumoural areas of highest
staining density. Positive cells per mm? were counted by two
trained pathologists (C.H. and M.M.) and averaged. Due to a high
number of specimens that were negative for CD68" and iNOS™
cells in the tumoural and peritumoural tissue, CD68 and iNOS
staining was stratified semi-quantitatively as positive (containing
one or more positive cells) or negatively stained (no positive cells).
All analyses were also performed with continuous data to ensure
the presentation of biologically relevant data.

CD68, iINOS and arginase specifically stained cytoplasmic
compartments (Supplementary Fig. 1). CD163 stained both the
cytoplasm and plasma membrane of target cells, with increased
staining intensity seen at the plasma membrane. CD68 and iNOS
staining was specific to cells with a distinct macrophage
morphology. CD163 stained a much larger number of cells, but
was not restricted to cells of a distinct macrophage-like morphol-
ogy. Arginase staining was less frequent and was completely
negative in almost half of stained sections. In positive sections,
stained cells showed a distinct macrophage (Supplementary Fig. 1e)
or neutrophil (Supplementary Fig. 1f) morphology; thus, arginase
staining, as presented in this study, is a reflection of a subset of
both neutrophils and macrophages. Many ulcerated tumours
showed a distinct influx of a high number of arginase™ neutrophils
to the peritumoural ulcerated tissue. There was a statistically
significant positive correlation between peritumoural arginase™
cells and ulceration, accompanied by a significant decrease in
peritumoural CD68™ cell infiltration.

RNA sequencing

RNA sequencing was performed on 5puM sections mounted on
Superfrost Plus slides. Serial sections were used to stain a
haematoxylin and eosin (H&E) slide, from which tumour tissue
was outlined. Using the H&E as a guide, tumour tissue was lysed
in situ on the slide and RNA sequencing was performed using HTG
EdgeSeq technology with the HTG EdgeSeq Oncology Biomarker
Panel. Pathological features of the 20 tumours selected for gene
expression analysis are shown (Supplementary Table 2).

Statistical analysis

Spearman’s correlations were used to determine significance and
determine correlation coefficients between continuous variables.
The Wilcoxon rank-sum test was used to determine significance
between continuous and discrete variables.

Where a large number of zero values were obtained in
immunohistochemical measurements (CD68 staining), semi-
quantitative measurements were used for data analysis. A
Spearman’s correlation was used in Fig. 1d to show the association
of intratumoural CD68" cells with Breslow depth; however, the
Wilcoxon rank-sum test value of this association is also presented
in Supplementary Table 3. Both were non-significant.

All statistical analyses were carried out in the R environment,
v.3.4.4. Boxplots shown represent the mean, with interquartile
ranges (boxes) and 95% confidence interval (whiskers), all outliers
are shown.
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Differential CD68" and CD163" macrophage recruitment to primary melanoma lesions. The number of CD68" and CD163™" cells

was determined by immunohistochemistry in primary melanoma tumours. The number of positive cells was counted in the peritumoural and
intratumoural regions. CD68* and CD163™ cells were shown to be differentially recruited (a, b). Intratumoural CD163" macrophage infiltration
was positively correlated to Breslow depth (c), while intratumoural CD68" macrophage infiltration showed no significant correlation (d).
Tumours with no peritumoural CD68" macrophages had a greater Breslow depth (e), and decreased numbers of peritumoural CD68"

macrophages were seen in ulcerated tumours (f).

Gene expression data were analysed using normalised gene
values as presented by HTG EdgeSeq technology. Differentially
expressed genes between groups were detected using the
DESeq2 algorithm with adjusted p values. Heat maps were
clustered using the Ward-Linkage method and generated using
the Made4 package v.1.58 within the R environment.
Kaplan-Meier plots and associated statistical testing was
performed using the survminer package in R, v.0.4.4. Survival
probabilities were calculated using the Cox proportional hazards
model, and differences between groups were analysed using the
log-rank test.

RESULTS

Correlation of CD68" and CD163" macrophage infiltration with
pathological features of melanoma

Primary untreated melanoma lesions were stained with CD68 and
CD163 antibodies to identify macrophage populations, and the

number of positive cells per mm? was measured in both
intratumoural tissue and peritumoural tissue. Twenty-one speci-
mens were negative for intratumoural CD68" cells and 30 were
negative for peritumoural CD68™ cells, as such CD68 data were
stratified into those with and without the presence of stained cells.
Previous reports have similarly reported that the presence of
CD68™" cells could be a negative or a positive prognostic marker
across tumours of the same subtype.?

There was no significant correlation between the infiltration of
CD163" and CD68" cells, indicating that these cells represent
distinct, but potentially non-mutually exclusive, macrophage
subsets (Fig. 1a, b). The correlation of CD68" and CD163"
macrophage infiltration with pathological features of the tumour
was determined using Spearman’s correlations and Wilcoxon rank-
sum tests (Supplementary Table 3). No differences in cell density
were seen between baseline characteristics, such as age, gender,
tumour stage or tumour-infiltrating lymphocytes. Intratumoural
CD163* macrophages were found to increase with Breslow depth
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(Fig. 1c). There was a significant decrease in the number of
peritumoural CD68% macrophages in tumours with a thicker
Breslow depth (Fig. 1e); however, there was no correlation with
intratumoural CD68" macrophages and tumour size (Fig. 1d).
A reduced number of peritumoural CD68" cells were also seen in
ulcerated tumours (Fig. 1f).

Correlation of CD68" and CD163™ macrophage infiltration with
the number of iNOS™ and arginase™ cells

Given that CD68" and CD163" macrophages represent distinct
subsets with distinct staining profiles based on a number of
pathological features, we next determine if these differences
reflected different immunological profiles within the tumour by
measuring the expression of the macrophage enzymes iNOS
and arginase. These enzymes were selected as they are
constitutively active when expressed; thus, they are likely to
have a meaningful impact on tumour biology, and they are
highly cited in the literature. However, it must be stated that
while these enzymes are associated with inflammatory or tissue
repair phenotypes, respectively, it is important not to infer a
distinct M1 or M2 phenotype in these cells. Strong positive
correlations were seen between intratumoural CD68" macro-
phages and the number of both iNOS™ and arginase™ cells.
Specimens with intratumoural CD68" macrophages had a
higher level of both arginase®™ and iNOS™ cells (Fig. 2a, b),
while specimens with peritumoural CD68" macrophages also
showed a strong increase in peritumoural arginase levels
(Fig. 2¢). In contrast, there were no strong positive or negative
correlations between CD163% macrophage density and the
number of either iINOS" or arginase® cells. Intratumoural
CD163" macrophage density was significantly correlated to
the number of iNOS™ cells showing no meaningful change in
the number of iINOS™ cells, regardless of CD163" macrophage
density (Fig. 2d). Thus, strong differences exist between the
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correlations of CD68% and CD163" macrophage populations
and iNOS or arginase activity.

Effect of CD681 and CD163™ macrophage infiltration on total
intratumoural gene expression

While an increase in the number of iNOS™ and arginase™ cells in
tumours with CD68" macrophages is indicative of an active
CD68" macrophage phenotype, both iNOS and arginase activity
reflects a very small component of macrophage behaviour, which
is unlikely to determine the influence of macrophages on tumour
biology independently. To determine if the macrophage infiltra-
tion could have an effect on global gene expression within the
tumour tissue, we performed RNA sequencing on serial sections of
the same FFPE tissue. In addition to seeing no effect of CD163*
macrophage infiltration on iNOS or arginase staining, no effect
was seen on gene expression within the tumour tissue. Analysis of
both peritumoural and intratumoural CD68" macrophage infiltra-
tion correlated to differential expression of a number of genes
within the tumour tissue (Fig. 3). This effect was all the more
notable given an average of 7-15-fold more CD163" macro-
phages in the tumour in comparison to CD68" macrophages. The
genes affected were not specific to monocytic cells and were
reflective of a broad range of processes within the tumour, such as
cell proliferation, cell death and differentiation.

Effect of CD68" and CD163" macrophage infiltration on OS
To determine if the markedly different functional phenotypes of
CD68" and CD163" could impact the patient outcome, we
analysed the effect of macrophage density on OS (Fig. 4). No
significant correlations were seen in survival probability between
tumours with or without CD68™ macrophage infiltration or high or
low CD163" macrophage infiltration (Fig. 4a-d).

Previous studies have shown contrasting prognostic trends of
CD68 M1-like and CD163 M2-like macrophages in other tumour
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Fig.2 Association of CD68" and CD163-- macrophage infiltration with iNOS™ and arginase™ cells. The number of CD681, CD163", iINOS™
and arginase™ cells was determined by immunohistochemistry in primary melanoma tumours. The number of positive cells was counted in
the peritumoural and intratumoural regions. a, b Intratumoural CD68" macrophages were positively correlated to the number of iNOS™
arginase™ cells. ¢ Peritumoural CD68™ macrophages were found to positively correlate to arginase™ cells. d Intratumoural CD163™
macrophages were found to correlate to the number of iNOS™ cells; however, the trend line shows that this is a near-zero trend.
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Fig. 3 The correlation of CD68" macrophage recruitment with
differential gene expression. The number of CD68" and CD163™"
macrophages was determined by immunohistochemistry in primary
melanoma tumours. Intratumoural gene expression of the same
FFPE blocks was measured using next-generation sequencing
technology. Using Deseq2 algorithms, both peritumoural and
intratumoural CD68" macrophages were shown to correlate to
differential regulation of a number of genes within the tumour.
CD68™ samples are marked as blue along the upper margin, while
CD68~ samples are marked as red. Gene-associated signalling
pathways are colour coded on the right-hand margin. The level of
CD163" macrophage infiltration observed no effect.

types, such as lung cancer and ovarian cancer.*** Non-significant
trends of increased intratumoural CD68™ (p = 0.2) and CD163™" (p
= 0.052) macrophage density were associated with improved and
worse survival, respectively. However, these results are in line with
previous literature, which have failed to show a prognostic
significance of tumour-associated macrophage (TAM) density in
melanoma.

Correlation of iNOS™ and arginase™ cell infiltration with
pathological features of melanoma

Having shown the effect of CD68" and CD163" macrophage
infiltration, we next observed if the number of iNOS™ or arginase™
cells independently correlated to pathological features of the
tumour (Supplementary Table 4). There were no correlations with
age, gender, Breslow depth, tumour stage, mitotic count or
tumour-infiltrating lymphocytes. BRAF" tumours were found to
have significantly increased levels of peritumoural and intratu-
moural iNOS™ cells (Fig. 5a, b). Ulceration and BRAF status
correlated to the number of iINOS™ and arginase™ cells. Notably,
the presence of ulceration resulted in significantly reduced
peritumoural and intratumoural iINOS™ cells (Fig. 5¢, d).

Correlation of BRAF mutational status with CD68" macrophage
recruitment and total intratumoural gene expression

In addition to the positive correlations of CD68% macrophages
with iNOS™ cells and iINOS™ cells with BRAF status, we found that
there were a significantly higher number of CD68" macrophages
in BRAFY melanomas (Fig. 6b, c). BRAF status had significant
effects on gene expression within the tumour (Fig. 6a). The genes
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affected by BRAF were independent of the subset affected by
CD68™ macrophage infiltration, with the exception of VCAM1 and
CDKN3, indicating distinct physiological regulation by CD68"
infiltration and BRAF positivity. BRAF" tumours had upregulated
genes involved in angiogenesis, cell death and metabolism, but
down-regulated genes associated with proliferation, cell cycle and
inflammation.

DISCUSSION

Previous reports have cited CD68 as a pan-macrophage marker
and CD163 as an M2-like macrophage marker.”® Staining of
primary melanoma specimens has shown that CD68" cells are
significantly less prevalent than CD163" cells. In many melano-
mas, there were no CD68" macrophages within tumours or
peritumoural tissue, but there were high levels of CD163%
macrophages across almost all cases. Thus, it is clear that CD68
is not a pan-macrophage marker in melanoma.

CD68" and CD163" macrophages represent distinct physiolo-
gical subsets. While M2 macrophages are commonly regarded as
promoting disease progression, we saw no evidence of a
biological role of these cells, except an accumulation of cells
during disease progression, as seen by the positive correlation
between intratumoural CD163" macrophages and Breslow depth.
Despite the high numbers of these cells (up to 1161 positive cells
per mm?), there was no correlation with an increase in iNOS™ or
arginase™ cells, implying that they do not align with traditional
M1:M2 phenotyping. Furthermore, they had no significant effect
on gene expression within the tumour, indicating that a high
number of these cells may not physiologically impact tumour
biology. While there was a non-significant correlation with OS, it is
possible that this trend is reflective of the increased Breslow depth
of tumours with a high number of CD163" cells, and not an
independent negative prognostic effect of the cells themselves.?’

Our study cohort was selected from patients who underwent
routine BRAF status testing and was thus skewed towards
advanced melanoma patients. Therefore, the lack of correlation
of macrophage markers with tumour stage cannot be mean-
ingfully interpreted and will require analysis in an appropriately
powered cohort. Previous investigations have suggested there is
an increase in the density of CD68" macrophages in advanced
tumour stages.”®

The contrasting trends of CD68% macrophages and CD163™
macrophages against Breslow depth is striking in suggesting a
differential expression pattern, albeit with the former being non-
significantly correlated. A recent study by Lee et al.*® provides
corroborating evidence that increased CD163" cell infiltration is
associated with increased Breslow depth.?® There is much
evidence that tumours exert a strong polarising effect on recruited
cells, and it remains to be determined whether the CD68" and
CD163" infiltration is reflective of differential recruitment, or a
system in which CD68" cells are recruited and polarised to a
CD163" phenotype, which is less functionally active in the
parameters we observed, such as arginase and iNOS activity and
influencing gene expression within the tumour.3>7? This system
would explain both the increased prevalence of CD68" macro-
phages in less progressed tumours and increased accumulation of
CD163% macrophages in more advanced tumours. Previous
reports have shown that there is a continuous supply of
monocytes to diverse tumour types, even tumours such as
pancreatic ductal adenocarcinoma, which has a dense desmo-
plastic barrier surrounding the tumour tissue that can impair cell
infiltration, and that tumours exert a strong polarising effect on
TAMs to a more M2-like phenotype.®*~3¢

A high density of intratumoural and peritumoural CD1637
macrophages were detected in many tumours; however, this
failed to translate into a difference in global gene expression
within the tumour tissue. Previous reports have shown an
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Fig. 4 Correlation of CD68" and CD163" macrophage infiltration with 0S. The number of peritumoural and intratumoural CD68" and
CD163" macrophages was determined by immunohistochemistry in primary melanoma tumours. Patients were stratified based on the
density of infiltrating macrophages, and survival probabilities were predicted using Cox proportional hazards model and visualised with a
Kaplan-Meier curve. Tumours were stratified as having CD68" macrophages (positive) or having no CD68" cells present (negative) (a, b). The

level of CD163™ infiltration was stratified as high or low (c, d).

association between CD163" macrophage infiltration and angio-
genesis and cyclooxygenase-2 expression.?® Specific analysis of
these genes with unadjusted p values, which may not have been
detected by DESeq2 analysis of total gene expression data sets,
showed no correlation of CD163" macrophage density with the
expression of the genes VEGFA/B/C, ANGPT1/2 or PTGS1/2.

The strong positive correlations between CD68" macrophage
infiltration and the number of INOS™ cells gives strong reason to
suggest that these cells are more M1-like cells. However, the
positive correlation with arginase™ cells is more surprising, but
possibly representative of a more immunologically active subset
capable of a range of responses.

This argument is upheld by the effect of CD68" macrophage
infiltration on gene expression within the tumour, in which
increased infiltration can impact genes involved in a range of
processes, such as cell death and cell cycle, in addition to the role
of regulation of inflammation.

While no correlation of CD68" or CD163 ™ cell density was found
on OS, non-significant trends were seen, which align with previous
observations in other tumour types in which CD68" cells can be
associated with improved prognosis and CD163" cells can be
associated with worse prognosis in a range of solid malignancies.”’

The increased presence of CD68" cells and inflammatory
markers in BRAF" tumours could indicate that BRAF status may
play a role in determining the response of patients to
immunotherapies or immunogenic treatments. Recently, CD68"
macrophages have been found to promote tumour hypoxia and
drive resistance to anti-PD-1 antibodies in murine models.?’
Conversely, M1-like CD68" macrophages were also found to
potentiate the synergistic effects of VEGF inhibitors with BRAF
inhibitors in murine melanoma.*® However, clinically CD68 has
been found to be a biomarker of response to ipilimumab.3®
Melanoma patients with BRAF mutations were found to have
longer progression-free survival and higher OS in response to

Nivolumab, with or without ipilimumab; thus, CD68" macro-
phages may potentiate the favourable effect of BRAF status during
treatment with immunotherapies.*

While the two were positively associated, the different genes
affected by BRAF status and the presence of CD68" macrophages
indicate non-redundant roles of BRAF status and CD68" cell
infiltration. The p53-DREAM pathway genes CDKN3, DEPDC1,
BIRC5, BRIP1, and RFC4 were all strongly associated and down-
regulated in tumours with intratumoural CD68" macrophage
infiltration.*’ None of these genes was affected by BRAF status,
indicating that this pathway is regulated by macrophages.

The highly active functional phenotype of CD68" macrophages
may indicate that they are a more viable therapeutic target for
therapies looking to boost or interfere with TAM behaviour.
Previous clinical interventions have targeted CSF1R due to the
increased prevalence of this receptor and the quality of
antibodies, which can be raised against this target.' As CSF1R is
a G protein-coupled receptor, the opsonisation and depletory
effects of targeting are augmented by the inhibition of survival
signals in targeted cells. Therapeutic targeting of CD68 cells has
been impeded by the discrepancies between human CD68 and its
murine homologue, macrosialin, which is not restricted to
monocytic cells in mice. However, CD68 has been shown to
represent differential macrophage subsets to both CSF1R and
CD163, and thus depletion of CD68" macrophages, if cell-specific
targeting could be achieved, could improve therapeutic out-
comes.***

While CD68 has frequently been referred to as a specific
monocyte and macrophage marker, a major issue with the
targeting of CD68 is its wide expression in a number of cell types.
Immunohistochemical analysis and RNA sequencing have shown
that CD68 levels on fibroblasts and endothelial cells can match
levels shown on macrophages, and lower levels can be also be
detected on tumour cell lines and lymphoid cells.*? This presents
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Fig.6 The effect of BRAF status on CD68" macrophage density and gene expression. The number of CD68" macrophages was determined
by immunohistochemistry in primary melanoma tumours. a Intratumoural gene expression of the same FFPE blocks was measured using
next-generation sequencing technology. The BRAF status of samples is shown along the upper margin with BRAF mutation-positive samples
marked blue and BRAF mutation-negative samples marked red. Using Deseq2, genes differentially expressed based on BRAF status were
identified. Gene-associated signalling pathways are colour coded on the left-hand margin. Using Wilcoxon rank-sum tests, it was shown that
there were a higher number of peritumoural and intratumoural CD68" macrophages in BRAF™ tumours (b, c).

major challenges for the effective specific targeting of CD68™
macrophages therapeutically. There is merit in investigating if
other interventions can be developed, which can boost the
activity or the number of CD68% macrophages in the TME.

However, these results suggest a hypothesis for the clinical failure
of anti-CSF1R antibodies, which do not distinguish between
CD68" and CD163" macrophages, and in which the majority of
targeted cells are likely to be less functionally active.
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